Abstract
insight about generic problems in the design of such systems, nor do they provide ideas about horc to remedy or detect flaws. The results reported here constitute a modest step in that direction. They represent a generalization of many models of deterministic processor scheduling in that the tasks may have feedback interactions and that scheduling and timing may be interdependent.
Model Development
Let t&[to,mj denote time. Three sets of state variables will be identified:
A multitask process is characterized by a number of tasks which operate concurrently or sequentially, on an external resource or data base. The timing of the tasks is generally asynchronous in that new task execution is initiated by the completion of previous tasks. If necessary, synchrony and sequential ordering of tasks can be enforced in a number of wavs throuph the task definitions themx ' -those states which vary continuously with time and take on real values.
x -those states which are real-valued but change L only at discrete instants of time. x -those states Ichich are discrete-valued and I selves. However in this research no such constraints (necessarily) change only at discrete instants of time. are imposed: rather, the general qualitative behaviors which may arise in such systems are analyzed. Only two basic assumptions are imposed: (1) a task requires a finite amount of time and storage to execute, and (2) task descriptions are fixed, in that the execution of a task cannot alter its own nature nor the number or nature of any other tasks.
The range of possible behavior of such systems is so large that the p-oblem of conceptualizing, analyzing and "debugging" milltitask processes is very common and enormously.comp1ex. In addition to deterministic processor scheduling [9] , tlso approaches are presently in use: stochastic queueing analysis [I] , [Z] and simulation [SI, [ 4 ] .
Queueing analysis is most useful for evaluating the al'erage performance properties of an operational multitasking system, \chile simulation allows certain undesirable properties of a planned system to be discovered and corrected during the design process. Neither of these methods provides very much *This research has Seen perfomed at the V.1.T. Laboratory for Information and Decision Systems with sL1pport Trovided by the U.S. .Air Force Office of Scientific Research under Contract F49020-80-C-0002 The results presented here do not necessarily represent the views of the U . S . Government.
The state set is denoted S = ; X ,X ,X 1 . It will be assumed that these subsets of states are finitedimensional and readily distinguished. ~T O simplify this exposition, these are assumed to be time-invariant; however, this assumption may be relaxed.
Each task is either "on" or "off: let G denote those which are off, so that G = G U G and GnG = $ (the null s e t j . The subscript j will be used to denote tasks rt-hich are "on" and j to denote tasks which are "off" . The task succession rule is as follows: .i transition time, tk, is declared lihenever Other conflict-resolution methods, such as imposed sequential orderings, are also possible.
Let yk ~2~ be the set of tasks active at t* Let the transition mapping of (1) be given by $ :
k '
[O,m)x X ' + X', so that the solution of .1 minates, ti-.tn -1p-dating ~i th f i 2 ma;: turn off j 1, while terminating j may turn on j 2 again, etc.
One set of further assumptions rshich resolves such conflicts is as fo!!ms: active at t=t with initial state x = )x , x , x J E k .
This can be tabulated b!, integrating ( l j and applying rules (a) tc (e). Let the function 7 : 2nxX+2n define the next set o f acti1.e tasks, determined from the preceding priority rules, at the transition time defined bi-7 . In other h-ords,
0'
The important point to observe is that, in principle, it is not necessar?. to include the continuous-time part of the dynamics, since ? and T can be precomputed from f, ..g. :, and :g.;. In summary, the dynamics of the asynchronous xultitask system can always be represented in the
where f : is the composition, according to priority, ?k of the tranzition functions ( 2 ) of the tasks comthere is a fised priority among task complepleting at t It is then clear that t may be tions (e.2. 1 i Z :
zombined with x and that xi may be combined with
ail completions are performed first according j, to >.ield a general discontinuous hybrid discreteto priority, a:ld then initiation functions are re-e:-a!uat.ed to redeternine ~h i c h task. (if time sJ-stem. Extensions to stochastic behavior of Quaiitati:.e Properties era1 class have been discussed by Johnson [SI and Kaliski and Lemone [ 6 ] . Their behavior may roughly approximate the behavior of discontinuous systems discussed in Utkin [7] and Johnson [8] . A possible behavior in this situation is a discrete-time approximation to sliding mode behavior, which is closely akin to the phenomenon of "thrashing" that has been observed in heavily-loaded multitasking systems. Types of stability have been defined in [ 8 1 *
Conclusions
It has been shown that a broad class of realtime multitasking systems may be represented as discrete-time (discontinuous) finite dimensional dynamic systems. Some issues which remain to be investigated are: (1) consistency requirements for initiation and termination functions, (2) alternative forms of conflict resolution (e.g., other than priority assignment), (3) minimal realizations and canonical forms, ( 4 ) development of design synthesis tools to obtain guaranteed performance.
